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Introduction 

Our  original  proposal  was  based  on  preliminary  data  suggesting  that  estrogen  reeeptor  alpha 
(ER)  is  present  in  a  eomplex  with  the  small  scaffold  protein  Mek  Partner- 1  (MPl)  in  human 
breast  cancer  cell  lines,  and  that  overexpression  of  MPl  via  transient  transfection  increases  ER’s 
transcriptional  activity.  Based  on  this,  we  proposed  that  MPl  would  be  required  for  proliferation 
of  ER-positive  breast  cancer  cells,  and  that  understanding  the  ER/MPl  complex  would  give 
insights  into  the  mechanism  by  which  it  was  acting.  MPl  is  a  widely  expressed  scaffold  protein 
that  interacts  with  several  intracellular  kinases  that  are  known  to  impact  ER  function,  including 
MEK,  ERK  and  PAKl .  It  was  first  identified  as  a  protein  that  binds  to  ERK  and  MEK,  and  that 
potentiates  MAPK  signaling  [1].  It  also  binds  to  active  PAKl  at  the  plasma  membrane,  and 
integrates  PAKl  and  Rho  signaling  [2].  Knockdown  of  MPl  inhibits  spreading  of  fibroblasts  on 
fibronectin  [2],  and  also  results  in  decreased  migration  of  human  prostate  cancer  epithelial  cells 
on  fibronectin  [3].  Surprisingly,  neither  ERK  nor  PAKl  phosphorylation  was  dramatically 
altered  when  MPl  expression  was  inhibited  in  prostate  cancer  epithelial  cells.  However,  the 
decreased  migration  observed  upon  MPl  knockdown  was  correlated  with  decreased  paxillin 
expression  and  with  changes  in  the  number  and  turnover  of  focal  adhesions  at  the  migratory 
edge.  Thus,  one  function  of  MPl  is  related  to  cell  attachment,  spreading  and  migration. 

In  this  research  project,  we  investigated  the  function  of  MPl  in  human  breast  cancer  cell  lines. 
The  original  aims  of  our  proposal  were  1:  To  test  the  hypothesis  that  MPl  is  required  for  ER 
function  and  proliferation  in  human  hreast  cancer  cells,  and  2:  To  characterize  the 
suhcellular  localization  and  protein  composition  of  ER/MPl  complexes.  In  our  previous 
annual  reports,  we  described  our  unsuccessful  efforts  to  reproduce  the  initial  co- 
immunoprecipitation  experiments  demonstrating  the  existence  of  a  stable  complex  containing 
both  ER  and  MPl.  Due  to  this,  we  have  been  unable  to  carry  out  the  experiments  described  in 
Aim  2,  and  have  concentrated  our  efforts  on  Aim  1 .  Many  of  the  findings  from  this  aim  have 
been  described  in  our  previous  annual  reports,  and  are  shown  in  the  manuscript  that  is  included 
here  as  Appendix  3.  They  can  be  briefly  summarized  as  follows.  1)  Inhibition  of  MPl 
expression  by  RNA  interference  results  in  cell  detachment  and  apoptosis  of  ER-positive  breast 
cancer  cell  lines,  but  not  ER-negative  breast  cancer  cell  lines  or  non-tumorigenic  mammary 
epithelial  cell  lines.  2)  MPl  gene  silencing  in  ER-positive  cell  lines  is  associated  with  an 
approximate  2-3  fold  decrease  in  ER  expression  and  transcriptional  activity,  and  with  an 
approximate  2  fold  decrease  in  the  active,  phosphorylated  form  of  AKT.  In  agreement  with  the 
findings  in  prostate  cancer  cells,  MPl  silencing  does  not  result  in  decreased  ERK  activity  in  ER- 
positive  breast  cancer  cells.  3)  Overexpression  of  MPl  in  ER-positive  breast  cancer  cell  lines 
results  in  increased  cell  migration  and  invasion. 

Eor  the  past  year,  we  have  concentrated  our  efforts  on  determining  if  decreased  ER  and/or  AKT 
activity  is  responsible  for  the  apoptosis  observed  upon  MPl  gene  silencing.  Our  progress  in  these 
experiments  is  reported  below  and  in  the  accompanying  manuscript  (Appendix  3). 
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Body:  Progress  on  Each  Task  in  Approved  Statement  of  Work, 

Task  1:  Test  hypothesis  that  MPl  expression  is  required  for  ER’s  transcriptional  activity 
and  proliferation  of  human  hreast  cancer  cells. 

As  we  reported  previously,  both  total  ER  and  phosphorylated  AKT  levels  decrease  within  48  h  of 
MPl  knockdown  in  MCF-7  cells  (A  ppendix  3,  Figures  5B  and  5D).  To  determine  if  decreased 
ER  levels  are  responsible  for  th  e  apoptosis  observed,  the  effects  of  silencing  the  ER  gene  alone 
or  in  combination  with  the  MPl  gene  were  examined.  Silencing  of  ER  did  not  result  in  apoptosis 
of  MCF-7  cells,  indicating  that  decreased  ER  expr  ession  alone  is  not  the  cause  of  apoptosis  in 
MPl  siRNA  treated  cells  (Appendix  3,  Figure  5C).  In  addition  silencing  ERdidnotp  revent 
apoptosis  induced  by  MPl  silencing  (Appendix  3,  Fi  gure  5C),  suggesting  that  ER  expression  is 
not  required  for  the  apoptotic  response. 

Inhibition  of  MPl  expression  resulted  in  cell  death  in  MCF-7  cells,  and  this  was  correlated  with 
a  decrease  in  the  pho  sphorylated  (active)  form  of  AKTl  (Appendix  3,  Figure  5D).  In  contrast  , 
MDA-MB-23 1  cells  showed  no  increase  in  cell  death  in  response  to  MP 1  knockdown  (Appendix 
3,  Figures  3  and  4).  If  decrease  d  AKT  activity  was  responsible  fo  r  the  cell  death  observed  after 
MPl  knockdown  in  MCF-7  cells,  the  lack  of  deal  h  in  MDA-MB-23 1  cells  could  be  due  to  the 
fact  that  AKT  activity  is  not  dependent  on  MPl  in  MDA-MB-23 1  cells,  or  that  survival  of  these 
cells  is  not  dependent  upon  active  AKT.  To  test  the  latter  possibility,  MCF-7  and  MDA-MB-23 1 
cells  were  treated  with  various  concentrations  of  the  PI3K  inhibito  r  FY294002,  and  the  effects 
on  AKTl  phosphorylation  and  cell  viability  were  examined.  As  shown  in  Appendix  3  Figure  6A, 
a  concentration  of  20  pM  was  sufficient  to  partially  inhibit  PI3K  activity  in  both  cell  lines.  MCF- 
7  cell  viability  declin  ed  upon  FY294002  treatment  (A  ppendix  3,  Figure  6B),  and  this  was  the 
result  of  ap  optosis  as  indicated  by  increased  PARP  cleavage  (Appendi  x  3,  Figure  6C).  In 
contrast,  MDA-MB-23 1  cell  viab  ility  was  un  affected  by  FY294002  treatm  ent.  These  data 
indicate  that  MCF-7  cells  are  m  ore  dependent  on  pro-survival  signaling  from  PI3K/AKT1  than 
MDA-MB-23 1  cells,  and  are  in  agreem  ent  with  previous  reports  s  howing  a  differential 
requirement  for  PI3K  signaling  in  these  two  cell  lines  (4,  5)  . 

Since  MPl  silencing  resulted  in  decreased  AKT  activity  in  MCF-7  cells,  and  since  these  cells  are 
highly  dependent  on  pro-survival  signals  from  the  PI3K/AKT  pathway,  we  hypothesized  that 
MCF-7  cells  containing  a  constitutively  active  form  of  AKTl  would  not  undergo  apoptosis  in 
response  to  MPl  silencing.  To  test  this  hypothesi  s,  we  generated  pools  of  stably  transfected 
MCF-7  cells  expressing  constitutively  active  AKTl  (MCF-7/Myr-Flag-AKTl).  Phosphorylated- 
AKTl  (p-AKT)  was  highly  expressed  in  a  pool  of  MCF-7/Myr-Flag-AKTl  cells  compared  to  a 
pool  of  cells  containing  the  control  pBabe-puro  vector  (Appendix  3,  Figure  7A).  These  two  pools 
of  cells  were  transfected  with  MPl  siRNA  ore  ontrol  siRNA,  and  the  effects  on  cell  survival 
were  examined.  As  shown  in  Appendix  3  Figure  7B,  64%  of  vector  containing  cells  were  dead  in 
the  MPl  siRNA  treated  sam pie,  but  this  decreased  to  41%  in  cells  expressing  constitutively 
active  AKTl.  In  addition,  the  exte  nt  of  PARP  cleavage  in  re  sponse  to  MPl  silencing  was 
decreased  in  Myr-Flag -AKTl  expressing  cells  re  lative  to  the  contro  1  cell  line  (Appendix  3, 
Figure  7C).  These  experiments  were  repeated  with  clonal  transfectants  containing  control  vector 
or  Myr-Flag- AKTl  with  similar  results  (data  not  shown).  Together,  these  findings  indicate  that 
expression  of  active  AKTl  partially  overcomes  the  requirement  for  MPl  expression  for  survival 
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of  MCF-7  cells,  and  suggests  that  the  apoptosis  observed  upon  MPl  sileneing  is  due,  at  least  in 
part,  to  a  loss  of  pro-survival  signaling  from  the  AKT  pathway. 

Tasks  2-4:  As  described  above  and  in  previous  repor  ts,  we  have  been  unable  to  reproduee  our 
initial  eo-IP  experiments.  Sinee  tasks  2-4  all  depending  on  isolating  ER/MPl  eomplexes,  we 
eould  not  earry  out  the  experiments  deseribed  in  these  tasks. 


Key  Research  Accomplishments  (entire  grant  period): 

•  Demonstrated  that  MPl  expression  is  required  for  survival  of  ER-positive  breast  eaneer 
eell  lines,  but  not  ER-negative  breast  eaneer  eell  lines  or  non-tumorigenie  mammary 
epithelial  eell  lines. 

•  Demonstrated  that  sileneing  the  MPl  gene  results  in  deereased  ER  expression  and 
aetivity  in  MCE-7  eells.  However,  a  loss  of  ER  funetion  does  not  seem  to  be  the  eause  of 
eell  death,  sinee  no  signifieant  inerease  in  apoptosis  is  observed  when  the  ER  gene  itself 
is  sileneed. 

•  Demonstrated  that  sileneing  the  MPl  gene  leads  to  deereased  AKT  phosphorylation,  and 
that  expression  of  eonstitutively  aetive  AKTl  partially  reseues  eells  from  apoptosis 
indueed  by  MPl  sileneing.  This  suggests  that  the  apoptosis  observed  upon  MPl  gene 
sileneing  is  due,  at  least  in  part,  to  a  loss  of  pro-survival  signaling  through  AKT. 

•  Demonstrated  that  overexpression  of  MPl  inereases  eell  migration  and  invasion  of  ER- 
positive  MCE-7  eells. 


Reportahle  Outcomes  (2010-2011): 

1)  Abstract  from  2011  Annual  Meeting  of  the  American  Association  for  Cancer  Research 
(Appendix  1) 

2)  Abstract  from  2011  Era  of  Hope  Meeting  (Appendix  2) 

3)  Marina,  M.  and  S.E.  Conrad.  The  Small  Scaffold  Protein  MPl  is  required  for  the  survival 
of  estrogen  receptor  positive  breast  cancer  cells.  Manuscript  submitted  for  publication. 
(Appendix  3) 

4)  Degrees  Obtained;  PhD  in  Physiology  awarded  to  Mihaela  Marina,  2011. 

5)  Cell  lines  developed:  Derivatives  of  MCP-7  cells  expressing  a  eonstitutively  active 
AKTl. 

6)  Grants  submitted  based  on  this  research. 
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IDEA  Expansion  Award  Application  Number  BC 104072:  “The  seaffold  protein 
MAPKSPl  1  is  required  for  survival  of  ER  positive  breast  eaneer  eells”.  07/01/2011- 
06/30/2013.  Not  funded. 

IDEA  Expansion  Award  Applieation  Number  BCl  12716:  “MEK  Partner  1  as  a  novel 
therapeutie  target  for  estrogen  reeeptor  positive  breast  eaneer.”  09/30/2012  -  09/29/2014. 
Pending. 


Conclusions: 

Our  experiments  have  revealed  a  novel  requirement  for  MPl  expression  for  the  survival  of  ER- 
positive  breast  eaneer  eells.  The  pro-survival  functions  of  MPl  seem  to  be  mediated,  at  least  in 
part,  via  AKT.  MPl  has  previously  been  shown  to  internet  with  a  number  of  signaling  moleeules 
ineluding  ERK,  MEK  and  PAKl,  and  to  play  a  role  in  eell  attaehment  and  migration.  However, 
the  faets  that  it  is  required  for  optimal  AKT  aetivity  and  for  cell  survival  are  both  novel  findings, 
and  suggest  that  its  role  in  cell  survival  may  be  speeifie  to  a  limited  number  of  eell  types, 
ineluding  ER-positive  breast  eaneer  eells. 

The  requirement  for  MPl  expression  in  ER-positive  breast  eaneer  cells  suggests  that  this  small 
seaffold  protein  may  provide  a  novel  target  for  the  treatment  of  ER-positive  breast  tumors.  The 
eurrent  targeted  therapies  for  ER-positive  tumors  (antiestrogens  and  aromatase  inhibitors)  have 
been  very  effective,  but  the  oeeurrenee  of  both  de  novo  and  aequired  resistanee  is  an  important 
elinieal  problem  that  limits  their  effieacy.  Our  results  indicate  that  eells  with  aequired 
antiestrogen  resistanee  (ECC9)  retain  dependence  on  MPl,  suggesting  that  agents  targeting  this 
seaffold  protein  eould  be  used  to  treat  endoerine  resistant  tumors.  In  addition,  the  availability  of 
agents  targeting  two  different  moleeules  (ER  and  MPl)  in  ER-positive  breast  eaneer  eells  would 
offer  the  opportunity  to  use  them  in  combination  with  each  other.  Sinee  the  probability  of  a 
single  cell  aequiring  simultaneous  resistance  to  two  agents  would  likely  be  mueh  lower  than  to  a 
single  agent  alone,  eombination  therapy  eould  deerease  the  frequency  of  treatment  failure  and 
relapse.  Sinee  ER-positive  tumors  are  the  most  eommon  form  of  breast  eaneer,  and  sinee 
endoerine  resistanee  is  a  signifieant  eause  of  disease  relapse  and  death,  this  work  has  the 
potential  to  impact  a  large  number  of  breast  eaneer  patients. 
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INHIBITION  OF  MPI  EXPRESSION  INDUCES  APOPTOSIS  OP  ER-POSITIVE 
BREAST  CANCER  CEEES 


1  2 
Mihaela  Marina  and  Susan  Conrad 

'Department  of  Biomedical  and  Integrative  Physiology,  Michigan  State  University  and 
^Department  of  Microbiology  and  Molecular  Genetics,  Michigan  State  University 

MEK  Partner  1  (MPI  or  MAPKSPl)  is  a  widely  expressed  scaffold  protein  that  functions 
in  several  signaling  pathways  (MAPK  and  PAKl  )  that  are  known  to  impact  ER  function 
and  breast  cancer  biology.  W  e  therefore  hypothesized  that  MPI  might  play  an  important 
role  in  ER  positive  b  reast  cancer  cells.  To  test  th  is  hypothesis,  we  used  tran  sient 
transfection  with  siRNA  to  investigate  th  e  function  of  MPI  in  a  panel  of  hum  an 
mammary  epithelial  cell  line  s  that  includes  n  on-tumorigenic,  ER-positive  and  ER- 
negative  breast  cancer  cell  lin  es.  After  48  hours,  ER-positiv  e  cell  lines  tran  sfected  with 
MPI  siRNA  (but  not  control  siRNA)  rounded  up  and  detached  from  the  plate,  and  trypan 
blue  staining  indicated  the  majority  of  MPI  siRNA  treated  cells  were  dead.  No  significant 
increase  in  cell  detachment  or  death  was  observed  in  ER-negative  cells  treated  with  MPI 
siRNA  relative  to  control  siRNA,  although  immunoblotting  confirmed  that  MPI  protein 
levels  were  successfully  reduced  in  all  cell  lines.  The  phenotype  observed  when  MPI 
expression  was  inhibited  in  ER-positive  cells  was  further  characterized  using  the  MCE-7 
cell  model.  Inhibition  of  MPI  expression  in  this  cell  line  resulted  in  cleavage  of  PARP-1, 
and  both  this  cleavage  and  the  cell  rounding/detachment  phenotype  could  be  rescued  with 
the  pan-caspase  inhibitor  z-VAD-FMK.  W  e  therefore  conclude  that  inhibition  of  MPI 
expression  induces  apoptosis  in  MCF-7  cells.  Additional  experiments  were  carried  out  to 
identify  pro-survival  pathways  that  are  re  gulated  by  MPI  in  MCF-7  cells.  Inhibition  of 
MPI  expression  resulted  in  d  ecreased  expression  of  ER,  in  tegrin  beta  1,  and  phosphor- 
AKTl.  Direct  inhibition  of  ER  expression  wi  th  ER  siRNA  did  not  result  in  cell  death, 
making  this  an  unlikely  mechanism  of  cell  death.  However,  MCE-7  cells  were  shown  to 
be  very  dependent  on  PI3K  signaling,  and  the  cell  death  phenotype  was  partially  rescued 
by  expression  of  constitutively  active  AKTl.  Thes  e  results  suggest  that  the  inhibition  of 
MPI  expression  results  in  a  loss  of  pro-survival  signaling  fir  om  integrin  beta- 1  and/or 
PI3K-AKT  pathways,  and  that  MPI  expression  is  required  specifically  for  survival  of 
ER-positive,  but  not  ER-negative,  breast  cancer  cells. 
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Approximately  70%  of  breast  tumors  express  estrogen  reeeptor  (ER),  and  the  majority  of 
these  require  estrogen  for  proliferation  and/or  survival.  Many  funetions  of  the  ER  rely  on 
eross-talk  with  eellular  signaling  moleeules,  ineluding  ERK,  PAKl,  and  AKTl.  These 
intraeellular  kinases  ean  all  phosphorylate  ER,  and  the  resulting  phosphorylation  events 
may  alter  ER  aetivity  and/or  ligand  dependenee.  In  addition,  ER  ean  affeet  the  aetivity  of 
intraeellular  kinases  via  protein-protein  interaetion,  indieating  that  the  eross  talk  between 
ER  and  intraeellular  kinases  is  bidireetional.  Understanding  the  moleeular  basis  and 
funetional  eonsequenees  of  this  eross  talk  is  important  in  order  to  understand  ER’s  role  in 
breast  eaneer.  MEK  Partner  1  (MPl,  also  known  as  Map  Kinase  Seaffold  Protein  1  or 
MAPKSPl)  is  a  widely  expressed  seaffold  protein  that  interaets  with  several  protein 
kinases  that  impaet  ER  funetion  and  breast  eaneer  biology,  ineluding  ERKl  and  PAKl . 
We  investigated  the  role  of  MPl  in  breast  eaneer  eells  using  both  RNA  interferenee  and 
overexpression  approaehes.  To  study  the  effeets  of  inhibiting  MPl  expression,  a  panel  of 
human  mammary  epithelial  eell  lines  that  ineluded  non-tumorigenie  eells,  ER-positive 
breast  eaneer  eells  and  ER-negative  breast  eaneer  eells  were  transiently  transfeeted  with 
MPl  siRNA  or  eontrol  siRNA.  Within  48  hours,  up  to  80%  of  ER-positive  breast  eaneer 
eells  transfeeted  with  MPl  siRNA  rounded  up  and  detaehed  from  the  plate,  and  trypan 
blue  staining  indieated  that  the  majority  of  detaehed  eells  were  dead.  No  signifieant 
inerease  in  eell  detaehment  or  eell  death  was  observed  in  ER-negative  breast  eaneer  eells 
or  non-tumorigenie  eells  as  a  result  of  inhibiting  MPl  expression.  The  meehanism  of  eell 
death  in  ER-positive  breast  eaneer  eells  was  eharaeterized  using  the  MCF-7  eell  line. 
Inereased  PARP-1  protein  eleavage  was  deteeted  in  MPl  siRNA-  treated  MCF-7  eells. 
Both  PARP  eleavage  and  eell  detaehment/death  were  prevented  by  pre -treatment  with  the 
pan-easpase  inhibitor  z-VAD-FMK,  indieating  an  apoptotie  meehanism  of  death. 
Inhibition  of  MPl  expression  in  MCF-7  eells  also  resulted  in  deereased  levels  of  ER  and 
p-AKT,  suggesting  a  loss  of  pro-survival  signaling  from  the  ER  and/or  PBK-AKT 
pathways.  The  effeet  of  overexpressing  MPl  in  MCF-7  eells  was  investigated  using 
transient  and  stable  transfeetion  of  Flag-MPl  eonstruets.  Overexpression  of  MPl  led  to 
an  inerease  in  both  eell  migration  and  invasion  in  Boyden  ehamber  assays.  In  summary, 
our  experiments  suggest  that  MPl  expression  is  required  for  survival  of  ER-positive,  but 
not  ER-negative  breast  eaneer  eells,  and  may  also  play  a  role  in  migration  and  invasion  of 
ER-positive  eells.  Previous  studies  in  fibroblasts  and  prostate  eaneer  eells  identified  roles 
for  MPl  in  foeal  adhesion  turnover,  and  in  eell  attaehment,  spreading  and  migration.  A 
role  in  eell  survival  has  not  been  previously  reported,  and  may  be  speeifie  to  ER-positive 
breast  eaneer  eells.  Our  eurrent  experiments  are  direeted  towards  identifying  the  signaling 
pathways  affeeted  by  MPl  in  ER-positive  breast  eaneer  eells,  and  evaluating  the  potential 
of  these  pathways  as  targets  to  inhibit  eell  survival  and/or  migration. 
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ABSTRACT 


MEK  Partner  1  (MPl  or  MAPKSPl)  is  a  scaffold  protein  that  has  been  reported  to  function  in 
multiple  signaling  pathways,  including  the  ERK,  PAK  and  mTORC  pathways.  Several  of  these 
pathways  influence  the  biology  of  breast  cancer,  but  MPl’s  functional  significance  in  breast 
cancer  cells  has  not  been  investigated.  In  this  report,  we  demonstrate  a  requirement  for  MPl 
expression  in  estrogen  receptor  (ER)  positive  breast  cancer  cells.  MPl  is  widely  expressed  in 
both  ER-positive  and  negative  breast  cancer  cell  lines.  However,  inhibition  of  its  expression 
using  siRNA  duplexes  resulted  in  detachment  and  apoptosis  of  ER-positive,  but  not  ER-negative, 
breast  cancer  cells.  Inhibition  of  MPl  expression  in  ER-positive  cells  also  resulted  in  reduced 
AKTl  activity,  and  expression  of  a  constitutive ly  active  form  of  AKTl  partially  rescued  the  cell 
death  phenotype  observed  when  the  MPl  gene  was  silenced.  Together,  these  results  suggest  that 
MPl  is  required  for  pro-survival  signaling  from  the  PBK/AKT  pathway  in  ER-positive  breast 
cancer  cells. 

INTRODUCTION 


The  small  protein  MEK  Partner  1  (MPl,  also  known  as  Map  Kinase  Scaffold  Protein  1 
and  EAMTOR3)  was  originally  identified  as  a  scaffold  protein  that  potentiates  MAPK  signaling 
by  binding  to  MEKl  and  ERKl  (1).  MPl  interacts  with  another  small  protein  pl4,  and  together 
these  two  proteins  are  localized  to  endomembrane  compartments  as  part  of  larger  signaling 
complexes.  Eor  example,  an  MPl-pl4-MEKl  complex  is  localized  to  late  endosomes,  and  this 
localization  is  required  for  EGE-induced  ERKl/2  signaling  (2-4).  A  second  MPl-pl4-pl8 
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Ragulator  complex  is  required  for  the  recruitment  of  mTORCl  to  the  lysosomal  surfaee,  and  is 
essential  for  its  amino  aeid-dependent  signaling  (5).  In  addition  to  these  trimerie  eomplexes, 
MPl  has  been  reported  to  bind  PAKl  at  the  plasma  membrane,  and  the  MPl-PAKl  interaetion  is 
required  for  MEK  phosphorylation  by  PAKl  in  the  absenee  of  Raf  (6,  7).  Thus,  the  seaffold 
protein  MPl  ean  regulate  the  function  of  several  intraeellular  kinases  in  different  subeellular 
loeations. 

Both  in  vitro  and  in  vivo  approaehes  have  been  taken  to  investigate  the  biologieal 
funetions  of  MPl.  Transient  inhibition  of  MPl  expression  using  RNA  interferenee  in  fibroblasts 
resulted  in  deereased  Rho  aetivity  and  delayed  eell  spreading  on  fibronectin  (7).  Similar 
knoekdown  experiments  in  DU145  prostate  eancer  eells  resulted  in  deereased  migration  on 
fibronectin  (8).  This  effect  on  migration  was  independent  of  MPl’s  ability  to  activate  ERK  and 
PAKl,  sinee  the  levels  of  phosphorylated  ERK  and  PAKl  were  unchanged  upon  MPl 
knoekdown.  However,  MPl  gene  sileneing  in  prostate  caneer  eells  was  assoeiated  with  both 
deereased  expression  of  paxillin  and  deereased  number  and  turnover  of  focal  adhesions  at  the 
migratory  edge.  Together,  these  data  indieate  that  one  funetion  of  MPl  in  eell  eulture  is  related 
to  spreading  and  migration. 

Studies  performed  in  eonditional  pl4  knoekout  miee  and  in  Drosophila  have  addressed 
the  in  vivo  funetions  of  MPl.  The  endosomal  pl4-MPl-MEKl  eomplex  is  required  for  eell 
proliferation  in  the  epidermis  during  mouse  embryogenesis  (2).  In  Drosophila,  the  MPI/ERK 
eomplex  regulates  eell  differentiation  during  development  of  the  wing,  sinee  both  down- 
regulation  and  overexpression  of  dMAPKSP  1  led  to  an  eetopie  wing  vein  phenotype  (9).  In 
summary,  MPl  is  a  widely  expressed  protein  that  interacts  with  multiple  protein  kinases  and  may 
impaet  various  eellular  proeesses  ineluding  proliferation,  spreading,  migration,  and 
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differentiation.  Many  of  these  proeesses  play  important  roles  in  cancer  biology,  and  we  therefore 
investigated  the  role  of  MPl  in  breast  cancer  cells. 

Analysis  of  publicly  available  gene  expression  datasets  indicates  that  MPl  mRNA  is 
expressed  in  both  normal  mammary  epithelial  cells  and  in  breast  cancer  cells.  In  this  report,  MPl 
protein  expression  was  investigated  in  a  panel  of  human  mammary  epithelial  cell  lines.  The  data 
indicate  that  MPl  is  expressed  in  both  estrogen  receptor  alpha  (ER)-positive  and  ER-negative 
breast  cancer  cell  lines,  as  well  as  in  non-tumorigenic  cells.  However,  the  effects  of  inhibiting 
MPl  expression  by  transient  transfection  with  siRNA  duplexes  differed  between  the  cell  lines. 
MPl  knockdown  induced  apoptosis  of  the  ER-positive  breast  cancer  cell  lines  examined,  but  not 
ER-negative  breast  cancer  or  non-tumorigenic  cell  lines.  The  apoptosis  observed  in  ER-positive 
cells  was  associated  with  cell  detachment,  and  with  decreased  ER  expression  and  AKT  activity. 
The  cell  death  phenotype  could  be  partially  reversed  by  overexpressing  a  constitutively  active 
form  of  AKTl,  suggesting  that  MPl  plays  a  novel  role  in  promoting  survival  of  ER-positive 
breast  cancer  cells  via  the  AKT  pathway. 

MATERIALS  AND  METHODS 

Cell  lines  and  culture  conditions.  MCE-7  and  LCC9  cells  were  obtained  from  the  Lombardi 
Cancer  Center.  T47D,  ZR-75-1,  MDA-MB-231,  BT-549,  and  Sk-Br-3  cells  were  purchased  from 
the  American  Type  Culture  Collection.  Cells  were  maintained  in  Improved  Modified  Eagle’s 
Medium  (IMEM)  containing  phenol  red  (GIBCO-Invitrogen- Applied  Biosystems),  supplemented 
with  5%  fetal  bovine  serum  (HyClone),  and  100  Units/ml  Penicillin/ 100  pg/ml  Streptomycin 
(Invitrogen)  and  incubated  at  37  °C  with  5%  CO2. 
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siRNA  transfections.  All  siRNA  transfection  reagents  were  purchased  from  Dharmacon-Thermo 
Scientilic.  Two  independent  MPl  siRNA  duplexes  (ON-TARGETplus),  a  non-targeting  siRNA 
(ON-TARGETplus  siCONTROE)  and  an  ER  siRNA  (ON-TARGETplus)  were  used.  Cells  were 
plated  in  six-well  plates  at  10^  to  3  x  10^  cells  per  well  in  EBS  containing  medium.  After  24  h, 
cells  were  transfected  with  30-150  nM  of  either  control  or  MPl  siRNA  using  DharmaEECT  1 
transfection  reagent.  Eor  MPl  siRNA  and  ER  siRNA  cotransfection  cells  were  treated  with  a  30 
nM  mix  of  two  duplexes.  Cells  were  harvested  after  48  h,  then  lysed  in  CelEytic  M  lysis  buffer 
(Sigma),  supplemented  with  cocktail  tablets  of  protease  (Roche  -  Complete  Mini  EDTA-free) 
and  phosphatase  inhibitors  (Roche  -  PhosSTOP). 

Determination  of  cell  death.  Cell  death  was  assessed  at  48  h  post  transfection  using  Trypan  blue 
exclusion  assays.  Briefly,  floating  cells  were  collected,  centrifuged,  and  resuspended  in  PBS, 
while  attached  cells  were  trypsinized,  centrifuged,  and  resuspended  in  PBS.  Eor  each  cell 
suspension,  18  pi  were  incubated  with  2  pi  trypan  blue  for  15  min  and  both  total  number  and  the 
number  of  dead  cells  were  counted  with  a  hemacytometer.  The  remaining  harvested  cells  were 
processed  for  protein  determination  and  immunoblotting. 

Immunoblotting.  Protein  concentrations  were  determined  using  the  Bradford  protein  assay  (Bio- 
Rad).  Total  protein  (10-20  pg)  was  subjected  to  4-20%  Tris-HCl  SDS-PAGE  (Bio-Rad), 
transferred  to  Immobilon-EE  polyvinylidene  difluoride  membranes  (Millipore),  blocked  with 
Odyssey  Blocking  Buffer  and  then  incubated  with  the  appropriate  primary  antibodies.  Alexa 
Eluor  680  anti-goat  and  anti-rabbit  (Invitrogen)  and  IRDye  800CW  anti-mouse  (EI-COR) 
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secondary  antibodies  were  used  for  two-color  detection  of  proteins.  Membranes  were  scanned 
and  analyzed  using  the  LI-COR  Odyssey  system. 

Antibodies  and  reagents.  The  following  primary  antibodies  were  used  for  Western  blotting:  MPl 
(A- 19,  Santa  Cruz),  actin  (AC-40,  SIGMA),  estrogen  receptor  alpha  (AB-17,  Lab  Vision- 
Thermo  Scientific,  or  F-10,  Santa  Cruz),  PARP  (Cell  Signaling),  p-AKT  (T308,  Cell  Signaling), 
AKTl  (BDIlll,  Santa  Cruz),  ERK  (C-16,  Santa  Cruz),  p-ERK  (Cell  Signaling),  Elag  M2 
(Sigma),  or  Bcl-2  (BD  Biosciences).  Pan  caspase  inhibitor  z-VAD-EMK  was  obtained  from  BD 
Biosciences  and  PI3K  inhibitor  EY294002  was  purchased  from  Sigma. 

Retroviral  infection  ofMCF-7  cells.  pBabe-puro  (Addgene  plasmid  1764)  or  pBabe-puro-Myr- 
Elag-AKTl  (Addgene  plasmid  15294,  (10))  were  transfected  into  293GPG  packaging  cells  and 
retroviral  stocks  were  prepared  as  previously  described  (11).  These  virus  stocks  were  used  to 
infect  MCP-7  cells  (1  ml  per  10  cm  dish),  in  the  presence  of  polybrene  (8  pg/ml),  and  stable 
colonies  were  selected  with  0.5  pg/ml  puromycin.  Both  single  colonies  and  pools  of  50-100 
colonies  were  selected  and  propagated.  Stable  cell  lines/pools  were  routinely  maintained  in 
medium  supplemented  with  0.25  pg/ml  puromycin  and  plated  in  puromycin-free  conditions  for 
siRNA  transfections. 

Gene  expression  analysis.  To  examine  gene  expression  across  human  breast  cancer,  datasets 
were  downloaded  from  GEO  including:  GSE2034,  GSE3494,  GSE6532,  GSE4922,  GSE11121, 
GSE7390,  GSE2603  and  GSE14020.  Data  was  normalized  using  RMA  in  Affymetrix  Expression 
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console  and  batch  effects  were  removed.  MPl  was  examined  in  the  resulting  dataset  within  the 
various  oiinieal  parameters  assoeiated  with  the  datasets  including  ER  and  PR  status. 

Statistical  analysis.  Data  are  expressed  as  the  mean  ±  S.D.  Experiments  were  performed  three 
times  unless  otherwise  indieated.  Paired  evaluations  were  made  for  experimental  and  eontrol 
eonditions  within  eaeh  set  of  experiments.  Eor  eomparing  groups  of  eell  lines,  an  unpaired  two- 
tailed  evaluation  was  done.  Significanee  was  determined  by  Student’s  t  test.  Signifieanee  level 
was  set  at p<  0.05. 

RESULTS 


MPl  expression  profiling  in  human  mammary  epithelial  cells. 

Expression  of  MPl  protein  was  assessed  by  immunoblotting  in  the  following  human 
mammary  epithelial  cell  lines:  MCEIOA  and  184B5  (nontumorigenic),  MCP-7,  LCC9,  T47D, 
and  ZR-75-1  (tumorigenie,  ER-positive),  and  MDA-MB-231,  BT-547,  Hs579T,  and  Sk-Br-3 
(tumorigenie,  ER-negative)  (Eigure  1).  MPl  was  present  in  all  eell  lines,  although  the  level  was 
variable.  Aetin  expression  also  varied  between  eell  lines,  but  was  eonsistent  between 
experiments.  A  eomparison  between  the  three  eategories  of  eell  lines  indieated  signifieantly 
higher  levels  of  MPl  protein  in  the  ER-positive  breast  eaneer  eells  than  in  ER-negative  breast 
caneer  or  non-tumorigenie  eell  lines.  Sinee  the  number  of  samples  investigated  here  is  small,  we 
also  queried  publiely  available  databases  for  MPl  mRNA  expression.  In  agreement  with  our 
protein  results,  MPl  was  widely  expressed,  but  showed  a  statistieally  signifieant  elevation  in 
both  ER  and  PR  positive  breast  eaneer  samples  (p<0.0001  by  t-test  for  both).  One  elinieal  study 
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identified  MPl  as  a  gene  assoeiated  with  a  poor  prognosis  signature  in  sporadie  lymph-node 
negative  breast  eaneer  patients  (12),  suggesting  a  putative  role  in  the  context  of  breast  tumors. 
However,  our  analysis  did  not  reveal  a  correlation  between  high  MPl  expression  and  either  time 
to  distant  metastasis  or  disease  free  survival. 

Inhibition  of  MPl  expression  induces  cell  death  and  detachment  of  ER-positive  breast  cancer 
cells. 

To  study  the  effect  of  inhibiting  MPl  expression  in  breast  cancer  cells,  short  interfering 
RNA  (siRNA)  duplexes  were  used.  Initial  experiments  were  carried  out  in  ER-positive  MCF-7 
cells.  By  48  h  post-transfection,  cells  treated  with  two  independent  MPl  siRNAs  displayed  a 
dramatic  phenotype  involving  cell  rounding  and  detachment  (Figure  2A),  and  by  72  h  virtually 
all  cells  had  detached  from  the  plates  (not  shown).  As  shown  in  Figure  2B,  MPl  protein  levels 
were  reduced  more  than  50%  by  48  h  with  these  two  MPl  siRNAs  relative  to  control  siRNA.  To 
determine  if  this  response  to  MPl  knockdown  was  a  general  feature  of  ER-positive  breast  cancer 
cells,  two  additional  ER-positive  cell  lines  were  examined:  FCC9  and  T47D.  The  FCC9  cell  line 
is  an  estrogen  independent  and  antiestrogen  resistant  derivative  of  MCF-7  cells  (13),  and  T47D 
is  an  independently  derived  ER-positive  cell  line.  MPl  siRNA  #1  was  used  in  these 
experiments.  As  shown  in  Figure  2C,  FCC9  and  T47D  cells  exhibited  a  similar  phenotype  to 
MCF-7.  To  quantitate  the  effect  of  MPl  knockdown,  attached  and  detached  cells  were  collected 
at  48  h  following  siRNA  transfection,  stained  with  trypan  blue,  and  counted.  As  shown  in  Figure 
2E,  MCF-7  cells  were  the  most  sensitive  to  MPl  knockdown.  More  than  70%  of  cells  had 
detached  by  48  h,  and  the  majority  of  these  were  dead  as  determined  by  trypan  blue  staining.  In 
contrast,  only  10%  of  cells  were  detached  in  the  control  siRNA  transfections.  Although  FCC9 
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and  T47D  cells  were  less  sensitive  than  MCF-7,  both  showed  a  significant  increase  in 
dead/fioating  cells  upon  MPl  knoekdown,  with  the  average  pereentage  of  dead  cells  being  70% 
for  MCF-7,  42%  for  LCC9  and  49%  for  T47D  (Figure  2D). 

Inhibition  of  MPl  expression  does  not  induce  death  of  ER-negative  breast  cancer  cells  or  non- 
tumorigenic  cells. 

Since  MPl  is  expressed  in  ER-negative  breast  eancer  cells  and  in  non-tumorigenic 
mammary  epithelial  cells  (Figure  1),  the  effects  of  MPl  knockdown  in  representatives  of  these 
cell  types  were  also  examined.  Three  ER-negative  breast  cancer  cell  lines  (MDA-MB-231,  BT- 
549,  and  Sk-Br-3)  and  one  non-tumorigenic  mammary  epithelial  cell  line  (184B5)  (14)  were 
transfected  with  either  control  or  MPl  siRNA  and  examined  at  48  h.  Although  MPl  levels  were 
deereased  to  the  same  or  greater  extent  than  that  obtained  in  the  ER-positive  lines,  no  obvious 
changes  in  eell  morphology  were  seen,  and  cell  counting/trypan  blue  exelusion  indicated  that 
there  was  no  signifieant  increase  in  eell  detachment  or  death  in  MPl  siRNA  transfeeted  cells 
eompared  with  control  samples  (Eigure  3).  Thus,  the  requirement  for  MPl  expression  for  cell 
attachment  and  survival  may  be  speeific  to  ER-positive  breast  caneer  cells. 

Inhibition  of  MPl  expression  results  in  apoptosis  of  MCF-7  cells. 

To  determine  if  the  cell  death  observed  in  MCE-7  cells  upon  MPl  silencing  was  due  to 
apoptosis,  expression  of  the  anti-apoptotie  protein  Bcl-2  was  examined.  As  shown  in  Eigure  4A, 
Bel-2  levels  decreased  approximately  two  fold  in  MPl  siRNA  treated  cells.  In  addition,  cleavage 
of  poly  (ADP-ribose)  polymerase  (PARP),  which  is  a  marker  of  apoptosis,  occurred  in  MCP-7 
cells  but  not  in  MDA-MB-231  cells  (Eigure  4B).  To  further  confirm  that  death  was  via  apoptosis. 
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cells  were  treated  with  the  pan-caspase  inhibitor  z-VAD-FMK  eoneurrently  with  siRNA 
transfeetion.  As  shown  in  Figures  4C  and  4D,  this  treatment  prevented  both  PARP  eleavage  and 
eell  rounding/detachment  in  MCF-7  eells. 

MPl  knockdown  reduces  ER  protein  expression  and  decreases  AKT  activity  but  does  not  impact 
ERK  expression  or  activity  in  MCE-7  cells. 

To  identify  pathways  affeeted  by  MPl  knoekdown,  expression  of  ER  and  of  total  and 
phosphorylated  ERK  and  AKTl  were  examined  (Eigure  5).  AKTl  is  a  pro-survival  protein  with 
a  well-established  role  in  the  biology  of  eaneer.  Both  ER  and  ERK  are  typieally  assoeiated  with 
proliferation,  but  may  also  be  involved  in  regulating  eell  survival.  The  level  of  phospho-ERK 
was  unaffected  by  MPl  knoekdown  (Eigure  5 A),  suggesting  that  a  loss  of  ERK  signaling  is  not 
responsible  for  the  eell  detaehment  and  death  observed.  In  eontrast,  both  total  ER  and  phosphor- 
AKT  levels  deereased  within  48  h  of  MPl  knoekdown  (Eigure  5B  and  5D).  To  determine  if 
deereased  ER  levels  were  responsible  for  the  apoptosis  observed,  the  effeets  of  silencing  the  ER 
gene  alone  or  in  eombination  with  the  MPl  gene  were  examined.  Sileneing  of  ER  did  not  result 
in  apoptosis  of  MCE-7  eells,  indieating  that  deereased  ER  expression  alone  is  not  the  cause  of 
apoptosis  in  MPl  siRNA  treated  eells  (Eigure  5C).  In  addition  sileneing  ER  did  not  prevent 
apoptosis  indueed  by  MPl  sileneing  (Eigure  5C),  suggesting  that  ER  expression  itself  is  not 
required  for  the  apoptotie  response. 

Differential  requirement  for  PI3K/AKT  pathway  for  survival  ofMCP-7  and  MDA-MB-23 1  cells. 

Inhibition  of  MPl  expression  resulted  in  eell  death  in  MCP-7  eells,  and  this  was 
eorrelated  with  deereased  phosphorylated  (aetive)  AKTl  (Eigure  5D).  In  eontrast,  MDA-MB- 
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231  cells  showed  no  inerease  in  eell  death  in  response  to  MPl  knoekdown.  If  deereased  AKT 
aetivity  is  responsible  for  the  eell  death  observed  after  MPl  knoekdown  in  MCF-7  eells,  the  laek 
of  death  in  MDA-MB-23 1  eells  eould  be  due  to  the  faet  that  AKT  aetivity  is  not  dependent  on 
MPl  in  MDA-MB-23 1  eells,  or  that  survival  of  these  eells  is  not  dependent  upon  aetive  AKT.  To 
test  the  latter  possibility,  MCF-7  and  MDA-MB-23 1  eells  were  treated  with  various 
eoneentrations  of  the  P13K  inhibitor  LY294002,  and  the  effeets  on  AKTl  phosphorylation  and 
eell  viability  were  examined.  As  shown  in  Figure  6A,  a  eoneentration  of  20  pM  was  suffieient  to 
partially  inhibit  P13K  aetivity  in  both  eell  lines,  as  indieated  by  deereased  p-AKTl  levels.  MCF- 
7  eell  viability  deelined  upon  LY294002  treatment  (Figure  6B),  and  this  was  the  result  of 
apoptosis  as  indieated  by  inereased  PARP  eleavage  (Figure  6C).  In  eontrast,  MDA-MB-23 1  eell 
viability  was  unaffeeted  by  LY294002  treatment.  These  data  indieate  that  MCF-7  eells  are  more 
dependent  on  P13K/AKT1  pro-survival  signaling  than  MDA-MB-23 1  eells,  and  are  in  agreement 
with  previous  reports  showing  a  differential  requirement  for  PI3K  signaling  in  these  two  eell 
lines  (15,  16)  . 

Constitutively  active  AKTl  partially  rescues  MPl  siRNA  induced  apoptosis  of  MCF-7  cells. 

MPl  knoekdown  was  eorrelated  with  deereased  aetivation  of  AKTl  in  MCF-7  eells, 
whieh  are  highly  dependent  on  pro-survival  signals  from  the  P13K/AKT  pathway.  To  examine 
whether  aetive  AKTl  is  suffieient  to  maintain  eell  viability  in  the  absenee  of  MPl,  we  generated 
MCF-7  eells  expressing  eonstitutively  aetive  AKTl  (MCF-7/Myr-Flag-AKTl).  Phosphorylated- 
AKTl  (p-AKT)  was  highly  expressed  in  a  pool  of  MCF-7/Myr-Flag-AKTl  eells  eompared  to  a 
pool  of  eells  eontaining  the  eontrol  pBabe-puro  veetor  (Figure  7A).  These  two  pools  of  eells 
were  transfeeted  with  MPl  siRNA  or  eontrol  siRNA,  and  the  effeets  on  eell  survival  were 
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examined.  As  shown  in  Figure  7B,  64%  of  pBabe-puro  eontaining  eells  were  dead  in  the  MPl 
siRNA  treated  sample,  but  this  deereased  to  41%  in  cells  expressing  constitutively  active  AKTl. 
In  addition,  the  extent  of  PARP  cleavage  in  response  to  MPl  silencing  was  decreased  in  Myr- 
Flag-AKTl  expressing  cells  relative  to  the  control  cell  line  (Figure  7C).  These  experiments  were 
repeated  with  clonal  transfectants  containing  control  vector  or  Myr-Flag-AKTl  with  similar 
results  (Supplementary  Figure  1).  Together,  these  findings  indicate  that  expression  of  active 
AKTl  partially  overcomes  the  requirement  for  MPl  expression  for  survival  of  MCF-7  cells. 

DISCUSSION 


The  results  presented  here  reveal  a  novel  role  for  the  small  scaffold  protein  MPl  in  ER- 
positive  breast  cancer  cells.  Although  MPl  is  expressed  in  both  ER-positive  and  ER-negative 
breast  cancer  cells,  its  depletion  using  RNAi-mediated  gene  silencing  led  to  detachment  and 
death  of  several  ER-positive  cell  lines,  including  one  (ECC9)  with  acquired  estrogen 
independence  and  antiestrogen  resistance.  In  contrast,  MPl  gene  silencing  had  no  detectable 
effect  in  three  ER-negative  breast  cancer  cell  lines  or  a  non-tumorigenic  mammary  epithelial  cell 
line.  Although  this  is  a  limited  sample,  MPl  has  also  been  depleted  in  rat  fibroblasts  and  human 
prostate  cancer  cells,  and  cell  detachment  or  death  was  not  reported  in  either  case  (7,  8). 
Therefore,  MPl  expression  seems  to  be  required  for  survival  in  a  subset  of  cell  types,  including 
ER-positive  breast  cancer  cells.  The  mechanism  of  cell  death  that  occurred  as  a  result  of 
inhibiting  MPl  expression  in  MCP-7  cells  was  shown  to  be  apoptosis,  as  demonstrated  by 
decreased  Bcl-2  expression,  increased  PARP  cleavage,  and  rescue  of  the  death  phenotype  by 
treatment  with  the  pan-caspase  inhibitor  z-VAD-EMK. 
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Several  interesting  questions  are  raised  by  these  results.  One  is  what  pro-survival 
pathways  are  affeeted  by  loss  of  MPl  expression  in  MCF-7  cells.  Depletion  of  MPl  did  not 
result  in  decreased  ERK  activation,  indicating  that  its  pro-survival  functions  are  not  mediated  by 
the  ERK  pathway.  The  lack  of  an  effect  on  ERK  activity  was  somewhat  surprising,  since  MPl 
was  originally  identified  as  a  scaffold  protein  that  increases  ERK  signaling  (1),  but  is  consistent 
with  results  obtained  in  prostate  cancer  cells  (8).  In  contrast,  inhibition  of  MPl  expression 
resulted  in  a  greater  than  two  fold  decrease  in  AKT  phosphorylation.  The  extent  of  AKT 
inhibition  may  be  an  underestimate,  since  by  48  h  a  majority  of  cells  were  dead,  and  the 
remaining  live  cells  might  represent  ones  with  the  lowest  extent  of  MPl  knockdown.  AKT  plays 
a  known  pro-survival  function  in  breast  cancer  cells,  where  it  relays  signals  from  upstream 
molecules  including  integrins,  growth  factor  receptors,  PI3K  and  mTORCl  to  downstream 
molecules  such  as  Bcl-2  and  NE-kB  (17-22).  The  fact  that  it  may  also  play  a  role  in  MPl 
mediated  survival  is  supported  by  the  fact  that  expression  of  a  constitutively  active  AKTl 
partially  rescued  the  cell  death  phenotype  observed  upon  MPl  knockdown. 

Depletion  of  MPl  in  MCP-7  cells  also  resulted  in  decreased  levels  of  ERa  protein  and 
mRNA  (data  not  shown).  The  apoptosis  observed  is  unlikely  to  be  due  solely  to  a  loss  of  ER 
signaling,  since  we  and  others  have  found  that  inhibition  of  ER  expression  using  siRNA  does  not 
result  in  MCE-7  cell  death  (23).  The  fact  that  ECC9  cells,  which  are  estrogen  independent  and 
antiestrogen  resistant,  die  in  response  to  MPl  gene  silencing  also  supports  a  model  in  which  loss 
of  ER  expression  is  not  the  sole  cause  of  cell  death.  Several  studies  indicate  that  ER  may  be 
implicated  in  breast  cancer  cell  survival  via  cross-talk  with  the  PI3K/AKT  pathway  (24),  or  by 
regulating  the  activity  of  NF-kB  (25,  26),  Bcl-2  (27,  28),  or  lAP  family  members  (29).  We 
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therefore  eannot  rule  out  the  possibility  that  deereased  ER  expression  may  contribute  in  some 
way  to  the  apoptosis  observed  in  MCF-7  cells. 

A  second  question  raised  by  these  results  is  the  molecular  basis  for  the  differential 
requirement  for  MPl  for  survival  of  ER-positive  vs.  ER-negative  breast  cancer  cells.  One 
possibility  is  that  activation  of  pro-survival  proteins  such  as  AKT  is  not  dependent  on  MPl  in 
ER-negative  cells,  and  a  second  is  that  the  ER-negative  cells  are  less  dependent  on  these  pro¬ 
survival  signaling  pathways.  The  fact  that  EY294002  caused  a  concentration-dependent 
apoptotic  response  in  MCE-7  cells,  but  did  not  affect  MDA-MB-231  cells  supports  the  latter 
hypothesis.  This  is  in  agreement  with  previous  reports  describing  a  differential  sensitivity  to  this 
compound  between  the  two  breast  cancer  cell  lines  (15,  16). 

A  final  question  is  whether  the  cell  death  that  we  have  observed  is  related  to  the 
previously  identified  roles  of  MPl  in  cell  spreading  and  motility.  Since  the  phenotype  involves 
cell  rounding  and  detachment,  inhibition  of  MPl  expression  may  disrupt  cell  adhesion  signals, 
which  could  then  trigger  cell  death.  Preliminary  PCR  array  experiments  indicated  that  inhibiting 
MPl  expression  leads  to  decreased  expression  of  molecules  involved  in  cell  adhesion  in  MCF-7 
cells,  including  several  integrins  (data  not  shown).  Immunoblotting  analysis  indicated  a  small  but 
reproducible  decrease  in  beta  1  integrin  protein  levels  upon  MPl  silencing  (Supplementary 
Figure  2).  Since  integrins  can  initiate  pro-survival  signaling  (30),  future  experiments  will 
investigate  if  a  loss  of  integrin  expression  plays  a  role  in  the  decreased  AKT  activation  and/or 
apoptosis  observed  as  a  result  of  MPl  knockdown. 

In  summary,  this  is  the  first  report  investigating  the  role  of  the  small  scaffold  protein 
MPl  in  mammary  epithelial  cells.  We  have  identified  a  novel  functional  interaction  between 
MPl  and  AKTl,  and  demonstrated  that  a  loss  of  MPl  expression  results  in  apoptosis  in  ER- 
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positive  cells  that  are  highly  dependent  upon  the  AKT  pathway  for  survival.  Future  studies  will 
further  examine  the  molecular  mechanism(s)  by  which  MPl  promotes  survival  of  ER-positive 
breast  cancer  cells,  and  evaluate  its  potential  as  a  therapeutic  target  for  both  endocrine  sensitive 
and  endocrine  resistant  ER-positive  breast  tumors. 
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EIGURE  EEGENDS 


Figure  1.  MPl  expression  in  breast  cancer  cell  lines.  Human  mammary  epithelial  cell  lines 
were  grown  in  exponential  culture  and  whole-cell  lysates  were  prepared.  Top  panel:  Immunoblot 
from  a  representative  experiment.  Eower  panel:  Quantitation  of  MPl/Actin  ratios  in  three 
independent  experiments  (mean  ±  SD,  *p<0.05). 

Figure  2.  MPl  expression  is  required  for  attachment  and  survival  of  ER-positive  breast 
cancer  cells.  Cells  were  transfected  with  40  nM  control  or  MPl  siRNAs  as  described  in 
Materials  and  Methods.  At  48  h  cells  were  photographed,  then  harvested  for  counting  and 
extract  preparation.  (A)  Photographs  of  MCF-7  cells  transfected  with  two  different  MPl  siRNA 
and  control  siRNA  sequences.  (B)  Immunoblots  of  extracts  prepared  from  cells  shown  in  panel 
(A).  Numbers  represent  the  relative  MPl/Actin  ratios.  (C)  Photographs  of  MCF-7,  ECC9  and 
T47D  cells  transfected  with  MPl  siRNA  or  control  siRNA.  Scale  bar  =  100  pm.  (D) 
Immunoblots  of  extracts  prepared  from  cells  shown  in  panel  (C).  (E)  Attached  and  floating  cells 
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were  eollected  and  analyzed  as  described  in  Materials  and  Methods.  The  percentage  of  dead 
cells  (black  bars)  and  live  cells  (white  bars)  in  each  population  was  determined  by  trypan  blue 
exclusion  assays.  Error  bars  represent  the  mean  ±  SD  of  three  independent  experiments. 

Figure  3.  MPl  expression  is  not  required  for  attachment  or  survival  of  ER-negative 
mammary  epithelial  cells.  Cells  were  transfected  with  40  nM  control  or  MPl  siRNAs  for  all 
cell  lines  except  184B5,  where  150  nM  siRNAs  were  used,  as  described  in  Materials  and 
Methods.  At  48  h  cells  were  photographed,  then  harvested  for  counting  and  extract  preparation. 
(A)  Photographs  of  transfected  MDA-MB-231,  BT-549,  Sk-Br-3,  and  184B5  cells.  Scale  bar  = 
100  pm.  (B)  Immunoblots  of  transfected  samples.  Numbers  represent  the  MPl/Actin  ratios 
expressed  as  percentage  of  control  samples.  (C)  Cell  counting  and  trypan  blue  exclusion  assays 
were  carried  out  as  described  in  the  legend  to  Figure  2.  Error  bars  represent  the  mean  ±  SD  of 
three  independent  experiments  for  all  samples  except  184B5  cells.  For  this  cell  line  the  numbers 
shown  represent  the  average  of  two  independent  experiments. 

Figure  4,  MPl  knockdown  induces  apoptosis  of  MCF-7  but  not  of  MDA-MB-231  cells, 

MCF-7  and/or  MDA-MB-231  cells  were  transfected  for  48  h  with  30  nM  control  or  MPl  siRNA, 
and  cell  extracts  were  prepared.  (A)  Immunoblot  of  Bcl-2  protein  in  MCF-7  cells.  Numbers 
represent  the  average  Bcl-2/Actm  ratios  expressed  as  percentage  of  control  samples  (n=3).  (B) 
Immunoblot  of  PARP  in  MCF-7  and  MDA-MB-231  cells.  (C)  Immunoblot  and  quantification  of 
PARP  cleavage  in  MCF-7  cells  transfected  with  MPl  siRNA  in  the  absence  or  presence  of  50 
pM  z-VAD-FMK.  (D)  Representative  photographs  of  the  samples  analyzed  in  panel  (C).  Scale 
bar  =100  pm. 
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Figure  5.  Effect  of  MPl  knockdown  on  cellular  signaling  pathways.  MCF-7  cells  were 
transfected  with  30  nM  control  or  MPl  siRNA  for  48  h.  (A)  Immunoblot  of  total  and  phospho- 
ERK  in  MCF-7  cells.  The  average  p-ERK/total  ERK  ratios  are  expressed  as  percentage  of 
control  samples  (n=3).  (B)  Immunoblot  of  ER  in  MCF-7  (n=3).  (C)  Double  knoekdown  of  MPl 
and  ER  in  MCF-7  cells;  immunoblots  of  PARP,  ER,  MPl,  and  aetin.  (D)  Immunoblot  of  total 
and  phospho-AKT  in  MCF-7  cells.  The  average  p-AKT/total  AKT  ratios  are  expressed  as 
pereentage  of  control  samples  (n=4). 

Figure  6,  The  PI3K/AKT  pathway  is  required  for  survival  of  MCF-7  hut  not  MDA-MB-231 
cells.  MCF-7  and  MDA-MB-231  cells  were  treated  with  various  concentrations  of  EY294002  for 
48  h.  (A)  Immunoblot  of  p-AKT  in  MCF-7  and  MDA-MB-231  cells  treated  EY294002.  (B) 
Effects  of  EY294002  treatment  on  viability  as  determined  by  trypan  blue  exclusion  assays  (n=3). 
(C)  Immunoblot  of  PARP  cleavage  in  MCF-7  and  MDA-MB-231  eells  treated  with  LY294002. 

Figure  7.  Constitutively  active  AKTl  partially  rescues  MCF-7  cells  from  apoptosis  induced 
by  MPl  gene  silencing.  (A)  Immunoblot  of  p-AKT  and  Flag  in  stable  pools  of  MCF-7  eells 
infeeted  with  control  (pBabe-puro)  or  Myr-Flag-AKTl  expression  vector  as  described  in 
Materials  and  Methods.  (B)  The  stable  pools  of  cells  described  in  (A)  were  transfected  with  30 
nM  control  siRNA  or  MPl  siRNA  for  48  h,  and  cell  viability  was  determined  by  trypan  blue 
exclusion  assay.  Bars  represent  the  percentage  of  trypan  blue-positive  cells.  Error  bars  represent 
the  mean  ±  SD  for  three  independent  experiments,  *p<0.05.  (C)  Immunoblot  of  PARP  and  MPl 
in  a  representative  experiment  deseribed  in  (B). 


21 


Figure  1 


< 

O 


O 


in 

CD 

00 


O 


o)  n 

o  k: 

O  ^ 


CO 

CM 

I 


1 

in 

CD 

1 

a> 

1- 

a> 

CO 

sL 

< 

in 

h- 

in 

w 

CD 

ct 

Q 

l— 

1 

N 

2 

CD 

X 

CD 

Actin 


o 


o 

2 

Non 

-tumorigenic 


a: 

N 


O) 

1- 

CO 

CO 

O) 

1 

CM 

m 

r>. 

CD 

CD 

m 

</> 

A 

2 

GO 

X 

CO 

< 

Q 


ER-positive 


ER-negative 


184B5 


CON  siRNA 


MP1  SiRNA 


SiRNA  CON  MP1  CON  MP1  CON  MP1  CON  MP1 


ou 


CON 

SiRNA 


MP1 

SiRNA 


CON 

SiRNA 


MP1 

SiRNA 


CON 

SiRNA 


MP1 

SiRNA 


CON 

SiRNA 


MP1 

SiRNA 


184B5 


OT<l^'v$sS« 

Figure  4 


A  B  MCF-7  MDA-MB-231 

siRNA  CON  MP1  siRNACON  #1  #2  CON  #1  #2 

PARP 


Bcl-2  _  _ 

MP1 


Actin 


MP1 

Actin 


Bcl-2/Actin  100  42 


SiRNA  CON  MP1  MP1 
PARP 


MP1 

Actin 


z-VAD-FMK  -  -  + 

%  PARP  cleavage  32  86  34 


CON  SiRNA 


MP1  SiRNA 


MP1  SiRNA 
+  50  |jM  z-VAD-FMK 


Figure  5 


A  B 

siRNA  CON  MP1  siRNA  CON  MP1 


p-ERK/ERK  100  104±15 


Figure  6 


A 

MCF-7  MDA-MB-231 


0  5  10  20  30  LY[ijM] 

c 

LY  [|jM] 

PARP 
Actin 


MCF-7  MDA-MB-231 

0  5  10  20  30  0  5  10  20  30 


Figure  7 


C  Myr-Flag- 

pBabe-puro  Akt1 

siRNA  CON  MP1  CON  MP1 

PARP 

MP1 

Actin 

%  PARP  cleavage  24  71  25  31 


B  DCON  SiRNA 


pBabe  Myr-Flag-Akt 


